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Genomic characterization of clinical
Stenotrophomonas strains from
Thailand reveals five putative

novel genospecies and extensive
functional diversity
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Stenotrophomonas spp. are increasingly recognized as opportunistic pathogens with high levels of
antimicrobial resistance (AMR). Despite their clinical importance, genomic diversity within the genus
remains underexplored, particularly in Thailand and Southeast Asia. Ten Stenotrophomonas strains
were isolated from diverse clinical specimens at Songklanagarind Hospital, Thailand, in 2023. Whole
genome sequencing was performed using MGISEQ 2000 platform. Genome-based classification

was assessed via average nucleotide identity (ANI), and digital DNA-DNA hybridization (dDDH).
Functional annotation was conducted using RAST and COG databases. Pan-genome structure, AMR/
virulence genes, and phenotypic traits (biofilm and hemolysis) were investigated. The genomes ranged
from 4.11 to 5.05 Mb with 66.02-66.84% GC content. While 16S rRNA gene sequences showed high
similarity to type strains, ANl and dDDH analyses clearly differentiated the ten studied strains from
validly published species and grouped them into five putative novel genospecies. The pan-genome
was open, with only 21.6% core, 1.5% soft-core and 76.9% accessory/unique genes, indicating high
plasticity. Functional annotation revealed enrichment in genes related to regulation, metabolism,

and cell envelope biogenesis, reflecting metabolic flexibility and environmental adaptability. AMR
profiling showed conserved aminoglycoside-modifying enzymes, B-lactamase bla, ; and efflux pumps
across all strains. Phenotypically, all strains exhibited multidrug resistance but remained uniformly
susceptible to cotrimoxazole, the current treatment of choice. Virulence genes for adhesion,
hemolysin, proteases, and biofilm were conserved, consistent with observed a-hemolysis and
moderate-to-strong biofilm formation. This study reveals substantial genomic and functional diversity
among ten Stenotrophomonas strains, highlighting five putative novel genospecies and underscoring
the importance of continued surveillance and accurate identification for effective clinical management
strategies.
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The genus Stenotrophomonas comprises a diverse group of Gram-negative, aerobic, non-fermenting bacteria
that inhabit a wide variety of ecological niches, including soil, plant rhizospheres, freshwater, and clinical
environments. Initially described in association with human infection, S. maltophilia, one of the main
Stenotrophomonas species, was originally classified as Pseudomonas maltophilia, and later reassigned to the genus
Stenotrophomonas based on its distinct characteristics!2. The genus currently comprises 27 validly published and
correctly named species according to the List of Prokaryotic Names with Standing in Nomenclature (LPSN)
database, and genome data are available for 24 of these species in the form of RefSeq representative genome
assemblies deposited in the NCBI database as of June 2025**. Some members of this genus are increasingly
recognized for promising biotechnological traits, such as bioremediation, plant growth promotion, or enzyme
production, whereas others, such as S. maltophilia, S. sepilia and S. pavanii, have emerged as global opportunistic
human pathogens capable of causing respiratory, bloodstream, and urinary infections®~5.

Clinically relevant species have garnered increasing attention due to their natural resistance to a broad
spectrum of antibiotics, attributed to various mechanisms including chromosomally encoded multidrug
efflux pumps, production of enzymes, such as aminoglycoside-inactivating enzymes and B-lactamases, and
biofilm formation capacity, which complicate treatment options and contribute to poor clinical outcomes®13.
Moreover, the ability of members of the genus Stenotrophomonas to thrive in hospital environments, including
disinfectants, water systems, and medical devices, underscores its role as a formidable opportunistic pathogens,
particularly affecting immunocompromised patients®!*!>. These characteristics not only highlight the urgent
need for effective surveillance and infection control strategies but also emphasize the importance of genomic and
taxonomic refinement to track strain-level differences associated with virulence and antimicrobial resistance.

However, traditional methods based on MALDI-TOF or 16S rRNA gene sequencing offer limited resolution
for accurate species delineation within Stenotrophomonas, especially among closely related taxa within the S.
maltophilia complex (Smc), a group comprising cryptic species that are not distinguishable by conventional
phylogenetic markers!®8. In recent years, the implementation of whole-genome-based metrics, such as
average nucleotide identity (ANI), digital DNA-DNA hybridization ({DDH), and phylogenomic analysis, has
significantly improved taxonomic resolution and led to the reclassification and discovery of novel species'*.

In our previous study, we conducted a comprehensive genomic analysis of Stenotrophomonas strains isolated
from clinical specimens collected from Songklanagarind Hospital in Southern Thailand. Based on species
delineation thresholds of ANI (=95%) and dDDH (=70%), along with robust phylogenomic evidence, five
genetically distinct lineages (hereafter referred to as genospecies) encompassing ten isolates within the genus
Stenotrophomonas were identified. This study expands the known taxonomic diversity of the genus and provides
valuable genomic resources for future ecological and evolutionary research, while also offering critical insights
into clinical significance, pathogenic potential, and antimicrobial resistance mechanisms of strains isolated from
hospital settings.

Results and discussion

Bacterial isolation and initial identification

The strains PSU_St7, PSU_St15, PSU_St19, PSU_St22, PSU_St103, and PSU_St154 were isolated from sputum
samples; PSU_St83 and PSU_St142 from body fluids; PSU_St10 from blood culture; and PSU_St99 from urine.
All isolates were obtained in 2023 from the Clinical Microbiology Laboratory at Songklanagarind Hospital,
Southern Thailand. Initial phenotypic identification using the MALDI-Biotyper identified all strains as
Stenotrophomonas maltophilia.

DNA sequencing and functional genome analyses

The de novo assembled genomes varied in size, ranging from approximately 4.11 to 5.05 million base pairs (bp),
with an average genome length of about 4.68 million bp. The GC content among the isolates spanned from 66.02
to 66.84% (Table S1). Genome completeness was estimated to be over 99%, indicating high assembly quality of
the genomic data.

The functional annotation of the genomes from ten Stenotrophomonas strains was performed using
RAST SEED and COG classification systems to investigate metabolic capabilities and functional potential
(Fig. 1)2%*2. RAST SEED analysis assigned genes to a broad range of subsystems, with metabolism-related
functions consistently dominant across all genomes. Core functional groups included amino acid metabolism,
carbohydrate metabolism, the biosynthesis of cofactors, vitamins, prosthetic groups, and pigments, protein
metabolism, respiration, lipid metabolism, nitrogen metabolism, and membrane transport, highlighting the
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Fig. 1. Functional categorization of annotated genes for ten Stenotrophomonas strains. (a) Subsystem
distribution based on RAST SEED analysis. (b) Classification of genes according to COG functional categories.
Heatmap intensity corresponds to gene count, with darker shades indicating higher numbers. The figure was
generated from data obtained using the KBase “View Function Profile for Genomes-v1.6.0” application and
visualized using custom Python scripts.

strains’ metabolic versatility. These subsystems are fundamental for cellular maintenance, suggesting that all
strains harbor a conserved core of essential metabolic pathways®.

The COG-based functional classification (Fig. 1b) further supported the functional diversity among the
strains. High gene abundance was observed in categories associated with cell wall and cell membrane biogenesis,
signal transduction metabolism, translation, ribosomal structure and biogenesis, transcription, amino acid
transport and metabolism, carbohydrate transport and metabolism, inorganic ions, transport and metabolism.
The consistent presence of genes within these categories across strains suggests a shared core genome
architecture, enabling adaptation to diverse ecological or clinical environments®. This analysis highlights
a genomic framework that is both robust and adaptable, with Stenotrophomonas spp. possessing a versatile
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toolkit for metabolism, stress responses, and environmental sensing. The substantial proportion of “function
unknown” genes within the COG dataset likely represents strain-specific or niche-specific adaptations involving
poorly characterized proteins that may enhance environmental specialization, consistent with observations
that accessory genomes and particularly unassigned COG functions often underpin microbial adaptation
to specific habitats?. These comparative functional profiles provide compelling insights into the metabolic
versatility and ecological competitiveness of the strains and support their delineation from other members of the
Stenotrophomonas genus. This functional adaptability may underpin their success in fluctuating environments
or under antimicrobial pressure?.

16S rRNA gene sequences and phylogeny

The complete 16S rRNA gene sequences of the strains PSU_St7, PSU_St15, PSU_St19, PSU_St22, PSU_St103,
PSU_St154, PSU_St83, PSU_St142, PSU_St10 and PSU_St99 were retrieved from their genomes. All strains
showed more than 99.86% sequence similarity to the closest type strains of validly published Stenotrophomonas
species, which is higher than the established species differentiation threshold of 98.65%2°. These results indicate
that the 16S rRNA gene sequence has low discriminability for Stenotrophomonas species. Phylogenetic analysis
based on 16S rRNA gene sequences confirmed that all the strains belonged to the genus Stenotrophomonas
(Fig. 2, S1-2).
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Fig. 2. Phylogenetic analysis of Stenotrophomonas strains. Maximum-likelihood tree based on 16S rRNA
gene sequences of the strains compared to Stenotrophomonas type strains. Bootstrap value (percentage) was
computed based on 1,000 bootstrap replicates. The trees were visualized using MEGA X, and bootstrap values
above 50% are displayed on the tree. Xanthomonas vesicatoria ATCC 35937 T was employed as an outgroup.
Asterisks indicate nodes that were also supported by NJ and MP analyses.

Scientific Reports|  (2026) 16:15936 | https://doi.org/10.1038/s41598-026-47022-7 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Whole genome-based taxonomic placement and phylogenetic analyses

Average nucleotide identity (ANI) analysis was performed to assess the taxonomic classification of ten
Stenotrophomonas strains isolated in this study in comparison with type strains of validly published
Stenotrophomonas species. The resulting heatmap (Fig. 3) displays a pairwise ANI matrix, with darker blue
indicating lower similarity and red representing high similarity. Based on the ANI values, the ten isolates
demonstrated genomic distinctiveness from all currently recognized Stenotrophomonas species, with inter-strain
ANI values compared to type strains falling below the 95% species delineation threshold, with the highest ANT
value observed between PSU_St22 and a known type strain of S. riyadhensis being 93.05%°. This finding supports
their classification as novel genospecies within the genus Stenotrophomonas. Further analysis revealed that the
isolates formed five distinct genomic clusters, each with intra-group ANT values exceeding 95%, indicating high
genomic similarity among strains within the same cluster.

These findings suggest that the isolates do not belong to any known Stenotrophomonas species but rather
represent previously undescribed genomic lineages within the genus. The ANT heatmap thus provides strong
evidence for the taxonomic novelty and the genetic diversity of these strains.

Phylogenomic analysis via TYGS further supported these delineations. TYGS-based tree inference using
Genome BLAST Distance Phylogeny (GBDP) confirmed the placement of the ten PSU strains into five well-
separated clusters, with dDDH values well below the 70% species delineation threshold (33.1-52.9%; Fig. 4,
S3). Furthermore, a total of 100 single-copy core genes were identified and used to reconstruct a phylogenomic
tree using autoMLST (Fig. S4). Based on these results, PSU_St7, PSU_St142, PSU_St10, and PSU_St154 were
assigned to genospecies 1; PSU_St99 to genospecies 2; PSU_St22 and PSU_St103 to genospecies 3; PSU_St19 to
genospecies 4; and PSU_St15 and PSU_St83 to genospecies 5.

Collectively, these findings indicate that the ten PSU strains represent five distinct genomic lineages within
the genus Stenotrophomonas. We emphasize that formal species designation requires additional phenotypic,
chemotaxonomic, and genomic evidence (e.g., complete genomes generated using long-read sequencing);
therefore, these lineages are proposed here as putative novel genospecies. Although the genomes analyzed in this
study are draft assemblies based on short-read sequencing, their high completeness supports robust comparative
genomic and phylogenomic inference. Future studies incorporating complete genomes and detailed phenotypic
characterization will be essential to validate the taxonomic status and clinical significance of these strains.
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Fig. 3. Average nucleotide identity analysis of ten Stenotrophomonas strains isolated in this study in
comparison with type strains of validly published Stenotrophomonas species.
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Fig. 4. Phylogenomic analysis based on TYGS showing relationship between the ten strains with closely
related species of the genus Stenotrophomonas. The outgroup used was Pseudomonas japonica NBRC 103040 .
The tree was constructed with FastME 2.1.6.1 using GBDP distances calculated from genome sequences, with
branch lengths reflecting the GBDP distance formula d5. Numbers above branches represent GBDP pseudo-
bootstrap support values exceeding 60% from 100 replications, with an average branch support of 92.1%. The
tree was rooted at the midpoint.

Pangenome analysis

Pan-genome analysis of the ten studied strains with closely related Stenotrophomonas type strains revealed
extensive genomic diversity, comprising a total of 11,720 gene clusters. These included core genes (21.62%,
n=2,534), soft-core genes (1.46%, n=171), shell genes (24.69%, n=2,894), and cloud genes (52.23%, n=6,121)
(Fig. 5a). A cumulative curve was generated by PanGP based on Heaps’ law and is shown in Fig. 5b. According to
the y parameter derived from Heaps’ law, the pan-genome is considered to be in an “open” state, with a y value of
0.46 (y>0). This suggests that the species is not saturated, and the inclusion of additional genomes will continue
to expand the pan-genome. The predominance of accessory genes (76.9%) further supports the concept of an
open pan-genome in Stenotrophomonas, likely driven by niche-specific adaptation, horizontal gene transfer, and
ecological diversification?®?’.

The gene presence/absence matrix further corroborates these findings, demonstrating clear clustering of the
studied strains into distinct genomic groups consistent with core genome phylogeny (Fig. 5¢). Specifically, PSU_
St7, PSU_St142, PSU_St10, and PSU_St154 (genospecies 1) and PSU_St99 (genospecies 2) exhibited a relatively
conserved accessory genome distinct from other groups, whereas PSU_St83 and PSU_St15 (genospecies 5)
displayed a more divergent profile, including several unique gene clusters, supporting their classification as
a novel lineage. PSU_St103 and PSU_St22 (genospecies 3) formed an intermediate cluster, while PSU_St19
(genospecies 4) emerged as the most genetically divergent strain, characterized by the absence of many shared
accessory genes and the presence of unique loci. Collectively, these findings strengthen the proposed genospecies
delineation of the studied strains and highlight the remarkable genomic plasticity within the Stenotrophomonas
genus, underscoring their potential for ecological adaptation and the acquisition of novel functional traits?.

To better understand the functional roles of core, accessory, and unique gene families, COG functional
analysis was conducted on the selected strains. The resulting distribution highlighted four major functional
groups: information storage and processing, metabolism, cellular processes and signaling, and a cohort of poorly
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characterized genes (Fig. S5). The category of general function prediction appeared consistently across core,
accessory, and unique genes (Fig. 5d). Core genes were primarily associated with general function prediction,
amino acid transport and metabolism, transcription, and translation, and ribosomal structure and biogenesis.
Accessory genes also showed enrichment in general function prediction, along with transcription, cell wall/
membrane/envelope biogenesis, and inorganic ion transport and metabolism. In comparison, unique genes were
primarily associated with general function prediction, cell wall/membrane/envelope biogenesis, and replication,
recombination, and repair.

A substantial proportion of predicted proteins were annotated as hypothetical or uncharacterized. To further
interpret these genes, we stratified them by pangenome compartment using Roary. Across the pangenome
(12,234 gene clusters), 7,758 clusters were classified as hypothetical/uncharacterized. These were strongly
enriched outside the core genome, with only 274 clusters in the core genome (21.27% of core genes), compared
to 4,208 clusters in the accessory genome (61.71%) and 3,276 clusters in the unique genome (79.38%). Overall,
only 3.53% of hypothetical clusters belonged to the core genome, whereas the majority were distributed in
accessory (54.24%) and unique (42.23%) compartments. This pattern indicates that uncharacterized genes are
predominantly associated with lineage-specific and strain-specific genomic regions, consistent with roles in
niche adaptation and genomic plasticity. Representative accessory and unique hypothetical proteins were further
analyzed using similarity and domain-based approaches to infer putative functions using BLASTp searches
against the NCBI nr and Swiss-Prot databases, along with conserved domain analysis (Table S2).

Functional characterization of representative hypothetical proteins revealed that a subset of accessory and
unique genes could be linked to biologically relevant categories, including membrane-associated transport
systems, transcriptional regulators, and resistance-related proteins. Notably, several clusters showed similarity to
efflux systems (e.g., heavy metal transporters such as CzcB) and regulatory proteins (HTH-type transcriptional
regulators), suggesting roles in environmental sensing and adaptive gene regulation. In addition, putative transport
and binding proteins were identified, supporting functions in nutrient acquisition and stress tolerance. However,
a large proportion of hypothetical proteins lacked significant homology to known proteins, particularly within
the unique genome fraction, indicating the presence of lineage-specific or novel gene families. Collectively, these
findings suggest that the uncharacterized gene repertoire is not random, but is structured within the accessory
and unique genome compartments and likely contributes to ecological versatility, environmental adaptation,
and potential opportunistic pathogenicity in Stenotrophomonas.

Antimicrobial resistant gene analysis

Genospecies 1 (PSU_St7, PSU_St10, PSU_St142, PSU_St154) and genospecies 2 (PSU_St99), which were
phylogenetically close to S. maltophilia NCTC102577, as well as another cluster comprising genospecies 3
(PSU_St22, PSU_St103) and genospecies 4 (PSU_St19), exhibited highly similar resistomes. These included
multiple aminoglycoside-modifying enzyme genes (aph(3')-Ilc, aph(9)-Ic) and the B-lactamase gene bla,,
indicating adaptation to substantial antibiotic pressure, consistent with previous reports on the high prevalence
of aminoglycoside resistance genes in the Stenotrophomonas genus?>%. In contrast, genospecies 5 (PSU_St15,
PSU_St83) formed a genetically distinct cluster characterized by a divergent antimicrobial resistance (AMR)
gene profile, particularly with respect to aminoglycoside resistance. Efflux pump genes (smeABC, smeDEF,
smeRS) were highly conserved across nearly all strains. Prior studies have demonstrated that overexpression
of smeDEF and smeABC contributes to resistance against fluoroquinolones, tetracyclines, and meropenem,
supporting their roles in both intrinsic resistance and environmental adaptation, particularly in potential novel
Stenotrophomonas species®>2°. These results are shown in Fig. 6.

Phenotypic testing using the agar disc diffusion method revealed consistently high resistance levels to B-
lactams, aminoglycosides, and carbapenems across all strains, corroborating the genomic predictions and in
line with previous observations of widespread aminoglycoside resistance in the Stenotrophomonas genus®
(Fig. 7). Notably, variable resistance to colistin and ciprofloxacin was observed, particularly in PSU_St7,
which remained resistant. This suggests that susceptibility may be influenced by efflux pump expression levels
or alternative resistance mechanisms*. All studied strains exhibited broad-spectrum phenotypic resistance
by antimicrobial susceptibility testing using the disk diffusion method, underscoring their potential clinical
relevance and showing strong concordance with genomic resistance predictions. One strain, PSU_St83, which
demonstrated intermediate susceptibility to cotrimoxazole—the first-line treatment for Stenotrophomonas
infections as recommended by the Infectious Diseases Society of America (IDSA) guidelines’!, was further
evaluated using the minimum inhibitory concentration (MIC) assay to validate the disc diffusion findings. The
MIC result indicated susceptibility (trimethoprim <1 ug/mL and sulfamethoxazole <19 pg/mL), and all strains
were ultimately found to be susceptible to cotrimoxazole. These findings support the continued clinical efficacy
of cotrimoxazole against the proposed novel Stenotrophomonas species.

The studied strains were isolated from diverse clinical sources including sputum, urine, and body fluid,
whereas closely related type strains originated from various clinical, plant-associated, and environmental
sources. These ecological differences may reflect niche-specific adaptations and distinct evolutionary pressures.
In conclusion, these findings underscore the taxonomic and clinical relevance of genome-based surveillance and
emphasize the necessity of targeting both horizontally acquired resistance genes and intrinsic mechanisms, such
as efflux systems, in future antimicrobial strategies.

Virulence factor analysis

Analysis of virulence determinants revealed that the potential novel Stenotrophomonas species and closely related
type strains share a consistent set of core virulence genes, primarily associated with cytotoxic morphological
effects, adhesion, biofilm formation, biofilm maturation, and quorum sensing (Fig. 8). Notably, major
extracellular proteases including StmPrl, StmPr2, and StmPr3 were identified, along with additional enzymes
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such as hemolysin, DNase, phospholipases, esterases, and alginate lyases, indicating potential for host tissue
degradation and evasion of host immune responses*>*%. Genotypic evidence for the hly gene was consistent with
phenotypic expression of a-hemolysis observed on 5% blood agar, further validating the genomic prediction.
This concordance between genotypic and phenotypic data underscores the functional relevance of hemolysin
production in these strains. The presence of these extracellular enzymes in the studied strains, mirroring those

Scientific Reports |

(2026) 16:15936 | https://doi.org/10.1038/s41598-026-47022-7 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

«Fig. 5. Pan-genome analysis of potential novel Stenotrophomonas strains and closely Stenotrophomonas
species. (a) The pie chart represents gene distribution across the pan-genome, showing proportions of core,
soft core, shell, and cloud genes. (b) The rarefaction curves compare pan-gene clusters (blue) and core gene
clusters (orange). (c) The gene presence/absence matrix (right) visualizes clustering patterns among strains,
corresponding to the core genome phylogenetic tree (left). (d) COGs distribution of core, accessory, and
unique genes of selected strains.
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Fig. 6. Antimicrobial resistance gene profiles of potential novel Stenotrophomonas strains and closely related
reference Stenotrophomonas species. Heatmap indicates acquired AMR genes (brick red = AMR genes present)
and efflux pump genes (Green =efflux pump genes present) (White = genes absent). Strain sources and
countries of origin are color-coded.

found in S. maltophilia, highlights the importance of careful monitoring and characterization of these novel
species, particularly in clinical or immuno-compromised contexts, where opportunistic infections could occur®.
The detection of the narG gene in a substantial number of isolates suggests an adaptive metabolic capability,
potentially enabling anaerobic respiration via nitrate reduction during nutrient limitation. This metabolic
versatility may contribute to environmental persistence and colonization in diverse ecological niches™**.

Phenotypic biofilm formation assays demonstrated that all studied strains exhibited moderate to strong
biofilm production, consistent with the widespread presence of conserved biofilm-associated regulatory and
structural determinants across the genomes (Fig. 8 and Table S3). To further investigate the genetic basis of
this trait, the presence and absence of biofilm-associated genes were compared with phenotypic biofilm
strength. Core genetic determinants involved in surface attachment, quorum sensing, and biofilm maturation
were widely conserved, indicating that biofilm development is a fundamental characteristic within the genus
Stenotrophomonas®,3°. However, variation in accessory gene content was observed across genospecies,
suggesting lineage-specific differences in biofilm-associated mechanisms. Strains exhibiting stronger biofilm
production generally possessed a broader repertoire of adhesion- and regulatory-related genes, whereas strains
with moderate biofilm levels displayed a comparatively reduced gene complement. Nevertheless, no strict one-
to-one correlation between gene presence and phenotype was observed, indicating that additional regulatory
mechanisms and environmental factors likely influence biofilm development. Such phenotypic plasticity may
enable strains to adapt to diverse ecological or host-associated niches. Understanding the genetic basis of
biofilm formation in Stenotrophomonas is critical for the development of targeted interventions, such as quorum
sensing inhibitors or biofilm-dispersing agents, which may enhance the efficacy of antimicrobial therapies®”.
Importantly, this integrated analysis of genotypic and phenotypic biofilm traits provides additional evidence
supporting functional diversification among the proposed genospecies.
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Conclusion

This study provides a comparative genomic and functional characterization of ten Stenotrophomonas isolates,
revealing substantial genetic diversity and supporting the presence of five putative novel genospecies. The
isolates exhibited diverse multidrug resistance profiles and harbored genes associated with virulence, stress
response, and environmental adaptation, highlighting the ecological versatility and potential clinical relevance
of the genus. However, this study is limited by the relatively small number of isolates (n=10), which may not
fully capture the genomic diversity of Stenotrophomonas in clinical settings. In addition, the absence of in vivo
or clinical validation restricts the direct interpretation of pathogenic potential. Future studies incorporating
larger, geographically and temporally diverse datasets, as well as functional and infection model validation, will
be essential to confirm species boundaries and to further elucidate the clinical significance of these emerging
lineages. These findings should be interpreted with caution due to the limited sample size and reliance on draft
genome assemblies.

Materials and methods

Bacterial isolation and initial identification

The strains PSU_St7, PSU_St10, PSU_St15, PSU_St19, PSU_St22, PSU_St83, PSU_St99, PSU_St103, PSU_
St142, and PSU_St154 were identified using the MALDI-Biotyper system (Bruker Daltonics GmbH, Germany)
and collected from the clinical microbiology laboratory at Songklanagarind Hospital, Southern Thailand,
during a one-year period in 2023. The isolates were stored in Tryptone Soya Broth (TSB; HiMedia, Nashik,
India) supplemented with 20% glycerol at—80 °C. Relevant clinical and laboratory data, including antibiotic
susceptibility profiles of the patients from whom the isolates were obtained, were retrieved and reviewed.
Staphylococcus aureus ATCC 29,213, acquired from the American Type Culture Collection (ATCC), was used
as the reference strain.

Minimum inhibitory concentration assay

The minimum inhibitory concentration (MIC) was tested using the microbroth dilution method, following
the Clinical Laboratory Standards Institute (CLSI) guidelines (2020), for the cotrimoxazole-resistant strain
identified by the agar disc diffusion method®.

Determination of biofilm production activity

Biofilm formation was evaluated following the method described by Zhuo et al.** with minor modifications.
Overnight cultures of Stenotrophomonas spp. grown in Tryptone Soya Broth (TSB) were adjusted to a final
concentration of 1x10” CFU/mL. A volume of 200 uL of the bacterial suspension was added to each well of
a sterile, flat-bottom 96-well polystyrene microtiter plate and incubated aerobically at 37 °C for 24 h. Wells
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Fig. 8. Virulence factor profiles and biofilm formation in Stenotrophomonas strains. (A) Presence and absence
of virulence-associated genes, including those involved in cytotoxicity, motility, adhesion, biofilm formation,
biofilm maturation, and quorum sensing. Colored cells indicate gene presence, while blank cells indicate
absence. (B) Quantitative biofilm formation measured as mean optical density (OD). Strains were classified

as moderate or strong biofilm producers based on predefined OD thresholds (ODc=0.059; 2x ODc=0.118;
4x ODc=0.236). The integration of genotypic and phenotypic data highlights variability in biofilm-associated
traits across strains.

containing only the culture medium served as negative controls. After incubation, non-adherent cells were
removed by washing twice with 200 pL of sterile phosphate-buffered saline (PBS; pH 7.3; HiMedia, Nashik,
India). The plates were then fixed at 60 °C for one hour, stained with 200 uL of 0.1% (w/v) crystal violet (Sigma-
Aldrich, St. Louis, USA) for 15 min, and rinsed with tap water to remove excess stain. After air-drying, the bound
dye was solubilized by adding 200 uL of 33% glacial acetic acid and incubating at room temperature for 15 min.
The optical density was measured at 492 nm (OD.s,) to quantify the total biofilm biomass. Based on the OD.s,
values, isolates were classified as follows: non-biofilm producers (OD <ODc), weak (ODc<OD<2x0ODc),
moderate (2xODc<OD<4xO0Dc), or strong biofilm producers (OD>4x ODc), where ODc was defined as
the cut-off value calculated as the mean OD of the negative control plus three standard deviations (ODc=mean
OD+3xS8D).
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Determination of hemolysis activity

Hemolytic activity was assessed by streaking bacterial isolates onto blood agar plates (HiMedia, Nashik, India)
supplemented with 5% sterile defibrinated blood, followed by incubation at 37 °C for 48 h. Hemolysis was
evaluated based on the appearance of clear (B-hemolysis), greenish (a-hemolysis), or no (y-hemolysis) zones
surrounding the colonies. Staphylococcus aureus ATCC 29,213 was included as a positive control to validate the
assay.

DNA extraction and whole-genome sequencing

DNA extraction was performed using the QIAamp® DNA Mini Kit (QIAGEN, Hilden, Germany) following the
manufacturer’s instructions. The extracted DNA had a concentration of at least 50 ng/uL and an OD260/280
ratio between 1.8 and 2. DNA integrity was confirmed by 1.5% agarose gel electrophoresis. Whole genome short-
read sequencing (150 bp paired-end reads) was conducted at the Beijing Genomics Institute in China using the
MGISEQ 2000 platform, following standard protocols.

Genome analysis

Sequence reads were de novo assembled using the SPAdes 3.11.1%1. The assembled genome quality and
completeness were checked by QUAST*? and BUSCO v5.4.3*%. The assembled genome was subjected to Prokka
and functional annotations on Rapid Annotation using the Subsystem Technology (RAST) server?'*. Functional
categories based on the COG (Clusters of Orthologous Groups) classification were obtained using the online
version of eggNOG-mapper v.2%.

The phylogenetic tree was constructed by Phandango application (http://phandango.net) using pan-genome
analysis data of Roary v3.13.0 to analyze the relationships among Stenotrophomonas species'®*. The pan-
genome was modeled using PanGP*%. The functional classification based on the COG categorization of the core,
accessory, and unique genes was processed and visualized with the BPGA pipeline®. The data for comparative
genome analysis were retrieved from NCBI Reference Sequence Database®. The resulting phylogenetic tree in
newick format was further visualized and annotated using Chiplot*’. Average nucleotide identity (ANI) value
was calculated against the downloaded genomic sequences of Stenotrophomonas species from NCBI database by
using JSpecieWS platform®!. Digital DNA-DNA hybridization (dDDH) values for putative novel species with
low ANI values (below 95%) were analyzed using the Type Strain Genome Server (TYGS) and the Genome-to-
Genome Distance Calculator (GGDC)?%5253, Antimicrobial resistance genes were predicted using the ResFinder
database (80% identity threshold and 60% minimum length), CARD’s RGI database (80% identity threshold with
the parameter-perfect, strict, and loose hits) and Abricate database (80% identity threshold) values®->°. Whereas
IS elements were detected using the ISfinder®’, plasmid identification was initially conducted using Plasme v1.0,
which flagged potential plasmid-containing contigs®®. Confirmation of these plasmids was performed by BLAST
analysis against the NCBI database using 99% coverage and identity cut-off*. Integrons were identified by using
IntegronFinder 2.0°°. Then, virulence-associated genes were detected by using cut-off values of 80% identity
and 1e-30 E-value cut-offs against the virulence factor database (VFDB)®. Phage regions were produced using
Phigaro2.3.0. Functional profile data were retrieved using the “View Function Profile for Genomes—v1.6.0”
application on the KBase platform, and the final comparative visualization was generated using custom Python
scripts.

Data availability

The genome assemblies generated in this study have been deposited in the NCBI database under BioProject ac-
cession number **PRJNA1399037** . Individual genome assemblies are available under the following accession
numbers: GCF_054474035.1, GCF_054473825.1, GCF_054473975.1, GCF_054473875.1, GCF_054473915.1,
GCF_054473815.1, GCF_054474005.1, GCF_054473935.1, GCF_054473995.1, and GCF_054473855.1.
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